obJective Typical hemifacial spasm (HFS) commonly initiates from the orbicularis oculi muscle to the orbicularis oris muscle. Atypical HFS (AHFS) is different from typical HFS, in which the spasm of muscular orbicularis oris is the primary presenting symptom. The objective of this study was to analyze the sites of compression and the effectiveness of microvascular decompression (MVD) for AHFS. Methods The authors retrospectively analyzed the clinical data for 12 consecutive patients who underwent MVD for AHFS between July 2008 and July 2013. results Postoperatively, complete remission of facial spasm was found in 10 of the 12 patients, which gradually disappeared after 2 months in 2 patients. No recurrence of spasm was observed during follow-up. Immediate postoperative facial paralysis accompanied by hearing loss occurred in 1 patient and temporary hearing loss with tinnitus in 2. All 3 patients with complications had gradual improvement during the follow-up period. coNclusioNs The authors conclude that most cases of AHFS were caused by neurovascular compression on the posterior/rostral side of the facial nerve distal to the root entry zones. MVD is a safe treatment for AHFS, but the incidence of postoperative complications, such as facial paralysis and decrease in hearing, remains high.
H emifacial spasm (HFS) is a movement disorder characterized by intermittent and involuntary contractions of muscles innervated by the ipsilateral facial nerve. Typical HFS commonly initiates from the orbicularis oculi muscle to the orbicularis oris muscle, buccinator muscle, and/or platisma. Atypical HFS (AHFS) is rare, in which spasm usually extends from the orbicularis oris muscle upward to the buccinator muscle and orbicularis oculi muscle. 16 Typical HFS is commonly due to facial nerve compression by blood vessels where the nerve courses into the root entry zone (REZ) in the brainstem. Jannetta et al. identified that the most common factor for HFS was vascular compression affecting the proximal portion of the facial nerve. 5, 7 Kuroki et al. reported that both arterial compression and local demyelination of a branch of the peripheral facial nerve caused abnormal muscle responses in the rat, which suggests that the REZ is not the sole site of compression responsible for HFS. 11 Slight injury to the myelin sheath of a peripheral portion of the facial nerve could make the nerve susceptible to vascular compression. 11 Ryu et al. reported on 2 of 155 patients (1.3%) with AHFS who had distal compression on the posterior/rostral side of the facial nerve. 16 So far, the mechanism of AHFS with distal neurovascular compression is still unknown. We report on 12 patients with AHFS. In addition, we retrospectively analyzed the compression sites of the facial nerve, and we discuss the pathophysiology and efficiency of microvascular decompression (MVD) for the treatment of AHFS.
Methods

Patient Population
Between July 2008 and July 2013, 12 consecutive patients with AHFS undergoing MVD at China-Japan Friendship Hospital were included in this study. There abbreviatioNs AICA = anterior inferior cerebellar artery; AHFS = atypical HFS; HFS = hemifacial spasm; LSR = lateral spread response; MVD = microvascular decompression; PICA = posterior inferior cerebellar artery; REZ = root entry zone; VA = vertebral artery. Microvascular decompression for atypical hemifacial spasm: lessons learned from a retrospective study of 12 cases were 4 males and 8 females, with a mean age of 51 years (range 34-62 years). The duration of symptoms ranged from 2 to 23 years with a mean of 13.5 years. The right side was affected in 5 patients and the left in 7 patients. Five of the 12 patients suffered from hypertension and 3 had diabetes. In addition, 2 patients had undergone 1 or more previous botulinum toxin injections leading to mild facial muscle paralysis. No patient had undergone botulinum toxin injection within 6 months preoperatively. The diagnosis of AHFS was based on the atypical symptom and physical examination. As a regular procedure, all patients underwent preoperative MRI to exclude other diseases.
intraoperative Monitoring
Each patient was monitored by electromyography during the operation. Continuous facial electromyography monitoring was performed throughout the operation. Depolarizing muscle relaxants were not used during the operation. The stimulating needle electrodes were inserted intradermally over the zygomatic branches of the facial nerve, and a 0.3-msec pulse wave with an intensity of 5-30 mA was used. 8 When the nerve in charge of the frontalis muscle was stimulated, a lateral spread response (LSR) appeared in other facial muscles, including the orbicularis oculi, the orbicularis oris, and the mentalis muscles. During decompression of the offending vessels, the LSR may decrease in amplitude or frequency. If the LSR remained unstimulated even when increasing the stimulation intensity to the maximal value, we considered the facial nerve to be completely decompressed. 8 
operative Procedures
A standardized lateral suboccipital retrosigmoid approach was performed in all patients as described previously. 13 After induction of general anesthesia, the patient was placed in the contralateral decubitus position with the head rotated approximately 10° away from the affected side and the vertex dropped 15° toward the floor. This makes the retromastoid area the highest point in the surgical field. 13 A conventional suboccipital retrosigmoid incision was made with a 2 × 2-cm bone window. 13 After the edge of the sigmoid sinus was identified, the dura mater was opened and suspended to allow intermittent release of cerebrospinal fluid, which decreased intracranial pressure and provided enough space for microinstruments to enter. Using the microscope, the arachnoid membrane was dissected initially from the caudal cranial nerves. Careful dissection of the arachnoid membrane was performed throughout the cerebellopontine angle cistern, and gentle retraction of the cerebellum was obtained by an aspirator. The entire intracranial segment of the facial nerve was thus exposed during surgery. Meanwhile, any involved arteries were removed from the nerve by Teflon pads. Finally, the dura mater was closed with sutures in a watertight pattern, without placement of drainage.
clinical evaluation
Evaluation was performed when the patient had recovered from general anesthesia. After discharge, the patients were followed up by telephone and/or visits to an outpatient clinic. The postoperative follow-up duration ranged from 1.5 to 6.5 years (mean 4.5 years). Eight patients were followed up by telephone, and 4 patients were followed up in person. The efficacy of the operation was assessed using a new scoring system through combining the cure rate of symptoms with the complication rate. 10 This new system reported by Kondo et al. in 2012 allows much more objective analysis of the results, improves the ability to discuss the results with others, and enhances comparability among different centers and institutes (Table 1) . 10 An evaluation of the overall results of MVD should be performed more than 1 year after surgery. 
results operative Findings
The offending vessels (Tables 2 and 3 ) were as follows: anterior inferior cerebellar artery (AICA) alone in 7 patients (58.3%), posterior inferior cerebellar artery (PICA) alone in 4 patients (33.3%), and the vertebral artery (VA) plus the PICA in 1 patient (8.3%). The site of compression (Tables 2 and 3 ) was the REZ in 2 patients, the distal portion of the seventh cranial nerve around the internal auditory canal in 6 patients ( Figs. 1 and 2 ), the middle portion of the nerve located between the REZ and the internal auditory canal in 3 patients (Fig. 3) , and the REZ and middle portion of the nerve coexisting in 1 patient (Fig. 4) . 17 The characteristics of the case (Case 3) in which the REZ was compressed by the VA and PICA (Fig. 5) are consistent with those seen in typical hemifacial spasm as described by Mathur et al. 12 
Postoperative outcome
Ten of the 12 patients (83.3%) had relief of spasm immediately after surgery. The score involving the efficacy of surgery (E) was E0 ( Table 1) . The remaining 2 patients (16.7%) had slight spasm, which diminished within 2 months postoperatively. The score involving the efficacy of surgery was E1. During the follow-up period, all 12 patients reported complete relief of facial spasm without other interventional therapies.
Two patients experienced pure-tone hearing loss with a high-pitched tinnitus immediately after surgery, which was reduced to 60 dB. The complication score (C) involving these 2 patients was C1. Administration of prostaglandin, nimodipine, and neurotrophic agents (cobamamide and methycobal) improved hearing in these 2 patients. One patient suffered facial paralysis with tinnitus immediately postoperatively, which was also rectified through prostaglandin, nimodipine, and neurotrophic drugs (cobamamide and methycobal) for 1 month. The complication score for this patient was also C1. All 3 patients received hyperbaric oxygen therapy regularly after discharge, which gradually alleviated their symptoms. Although the tinnitus persists, it does not influence the patients' daily work and life. Preoperative mild facial muscle atrophy caused by botulinum toxin injection in 2 patients had no change after surgery. No postoperative intracranial infection or cerebrospinal fluid rhinorrhea was observed in our 12 patients.
The total evaluation of the results (T) is judged by combining the E and C scores as explained in Table 3 . In our cases, 8 patients (66.7%) achieved excellent results (T0), 3 patients (25%) had good results (T1), and 1 patient (8.3%) had fair results (T2).
discussion
In general, HFS is suggested to be the result of vascular compression. 3 Campbell and Keedy 2 and Gardner 4 had reported that vascular compression of the facial nerve was the potential mechanism of HFS. However, they never mentioned the site of compression to the nerve. In 1977, Jannetta et al. 6 first demonstrated that vascular compression to the REZ of the facial nerve was the cause of HFS. For the treatment of HFS, most neurosurgeons paid more attention to the REZ of the facial nerve and ignored vascular compression to this nerve at other sites. HFS was divided into typical HFS and AHFS according to onset sequence of associated muscles. Barker et al. 1 reported that 8% of 648 patients with HFS presented with AHFS, but the authors did not offer an explanation of the pathophysiology of AHFS. Until now, only 3 cases of AHFS had been reported, 2 in Japan 14 and 1 in England. 16 We successfully diagnosed 12 patients as having AHFS. We concluded that the meatal loop of the AICA was the main offending vessel in most cases, which is consistent with other reports. With respect to the compression site, the outcomes of our study were variable. The entire intracranial segment of the facial nerve can be classified into 3 portions, including proximal (REZ), middle (between the REZ and the internal auditory canal), and distal (around the internal auditory canal). 17 Among our 12 patients, 2 patients suffered from proximal compression, 6 distal, 3 middle, and 1 both REZ and middle.
There are few studies reporting the compression sites and clinical outcomes of MVD for AHFS. Ryu et al. 16 reported 2 of 155 cases (1.3%) with AHFS, one of which was caused by vascular compression of a distal portion and REZ of the facial nerve, while the other was caused by the distal portion of the nerve alone. The intraoperative findings suggested that the nerve fibers at the anterior/caudal side of the facial nerve in the cerebellopontine cistern innervate the upper part of the facial muscles (the orbicularis oculi and frontalis muscles), while the fibers at the posterior/rostral side of the nerve innervate the lower part of the facial muscles (the orbicularis oris and buccinator muscles). 16 They concluded that the facial nerve seems to be rotated along its course between the cerebellopontine cistern and the exit of the facial canal, which explained the possible mechanisms of AHFS based on topography. The main compression site in most of our cases was distal to the REZ of the facial nerve. These findings are similar to those in the report of Ryu et al. Although most compression sites were different from those of typical HFS, all 12 patients did not suffer from HFS after the offending vessels were detached from the facial nerve.
The mechanism of AHFS attributed to compression of distal portions of the seventh cranial nerve is still unknown. The present findings of our study demonstrate that distal compression of the seventh cranial nerve by blood vessels plays an important role. 17 Partial demyelination and axonal degeneration of the seventh cranial nerve in typical HFS with neurovascular compression have been also reported. 15 The same mechanism might be appropriate for interpreting the cause of AHFS with compression of a distal portion of the seventh cranial nerve. Schwann cells are more resistant to vascular compression in demyelination. Thus, we concluded that more force might be produced in inducing HFS at the distal area of the facial nerve. 17 As such, the incidence rate of AHFS is less than that of typical HFS. When facing patients with HFS, every neurosurgeon should carefully take the patient's history to identify typical or atypical HFS. Once a patient has been diagnosed as having AHFS, the distal portion of the facial nerve and the REZ should be simultaneously examined. 16 To obtain excellent or good results, the seventh cranial nerve should be sufficiently decompressed despite the high risk of postoperative facial weakness or hearing disturbance. The offending vessels in 7 patients of our study were the meatal branch of the AICA which penetrated between the facial and cochlear nerves. To decompress the facial nerve sufficiently, Teflon pads were placed between the offending vessel and the facial nerve. Considering the vulnerability of the facial nerve, this procedure may cause partial facial paralysis.
In addition, the incidence of tinnitus and hearing loss occurring in our patients was relatively high. The AICA is the major feeding artery that sends branches to support the cochlear nerve. 16 Due to narrowed operative space, the offending vessel may cause vasospasm, leading to insufficient blood supply for the facial nerve. On the other hand, Teflon pads inserted between the offending vessel and facial nerve may disturb the microcirculation of the internal auditory meatus. Therefore, we placed Teflon pads between the offending vessel and the pons, or we attached the offending vessel to adjacent dura mater with glue in patients with the offending vessel located at the REZ of the facial nerve. 16 In our patients with distal compression, we simply placed Teflon pads between the offending vessel and facial nerve. LSR was used to evaluate the efficiency of MVD in our study. 13 However, in one of our patients, no complete disappearance in the amplitude and frequency of LSR was observed even when repeatedly adjusting the position of the Teflon pads. In addition, real-time electrophysiological monitoring was crucial in determining the proper placement of the Teflon pads.
9 During follow-up, all 12 patients were free of facial spasm, supporting the correct position of the Teflon pads and the significance of continuous monitoring during surgery.
conclusions
In this study, the importance of history taking was raised for diagnosis of atypical HFS. Complete decompression of the facial nerve is necessary in patients with AHFS. In addition, real-time electrophysiological monitoring plays a considerable role in the identification of offending vessels, as well as the navigation of the operation in verifying the decompression of facial nerve. Finally, MVD remains the most effective therapy for AHFS. 
